Background. Prevalence of childhood asthma varies significantly among regions, while its reasons are not clear yet with only a few studies reporting relevant causes for this variation. Objective. To investigate the potential role of city-average levels of air pollutants and climatic factors in order to distinguish differences in asthma prevalence in China and explain their reasons. Methods. Data pertaining to 10,777 asthmatic patients were obtained from the third nationwide survey of childhood asthma in China's urban areas. Annual mean concentrations of air pollutants and other climatic factors were obtained for the same period from several government departments. Data analysis was implemented with descriptive statistics, Pearson correlation coefficient, and multiple regression analysis. Results. Pearson correlation analysis showed that the situation of childhood asthma was strongly linked with SO 2 , relative humidity, and hours of sunshine ( < 0.05). Multiple regression analysis indicated that, among the predictor variables in the final step, SO 2 was found to be the most powerful predictor variable amongst all ( = −19.572, p < 0.05). Furthermore, results had shown that hours of sunshine ( = −0.014, p < 0.05) was a significant component summary predictor variable. Conclusion. The findings of this study do not suggest that air pollutants or climate, at least in terms of children, plays a major role in explaining regional differences in asthma prevalence in China.
Introduction
Asthma is one of the most chronic inflammatory disorders characterized by recurrent attacks of wheezing, breathlessness, cough, and/or chest tightness, which vary in severity and frequency from person to person. The prevalence of allergic airway diseases, such as asthma and rhinitis, has been increasingly common to epidemic proportions worldwide. About 334 million people worldwide are now suffering from asthma [1] . And China is one of the most asthma-afflicted countries, and its population of asthmatics is estimated to be approximately 30 million, including 10 million children [2] .
And, more importantly, there are significantly striking differences in asthma symptoms worldwide [3, 4] . The ISAAC Phase Three has surveyed 800,000 children aged from 13 to 14 years in 233 collaborating centers in 98 countries and found that the prevalence of asthma symptoms ranged from 0.8% to 32.6% in countries [4, 5] . And the Chinese National Cooperative Group on Children Asthma has conducted a sample survey from 1988 to 1990 [6] to assess the prevalence of asthma in children aged 0-14 years in China. In this survey, the reported prevalence of asthma (defined as having experienced an asthma attack in the past two years) ranged from 0.09 to 2.60%, with an average of 0.91%. In 2000 [6] , after a 10-year interval, the same survey was conducted again. The preliminary findings indicated that the prevalence of asthma had increased to 0.52-3.34% in city-dwelling children, with the national average being 1.54%. In 2010 [7] , 20 years after the original survey, the same methodology found that the prevalence of childhood asthma was estimated at 0. .73%, with the national average being 2.32%. These results highlight two key conclusions: first, the number of pediatric asthma patients has risen over time; second, the prevalence of childhood asthma in China varies among regions.
A large number of studies have confirmed that respiratory diseases are related to the physical characteristics of the living area: asthma has multifactorial etiology, including exogenous factors like air pollution and climate. The link between urban air pollution, climatic factors, and asthma is stably established on the individual level. However, there are merely a few analyses developing a comparative approach of differences in asthma morbidity among places, such as cities. In addition, levels of outdoor air pollutants have been associated with asthma incidence but not clearly with asthma prevalence at the population level [8] . Under this circumstance, this paper investigated the regional disparities' correlation with air pollutants and climatic factors in different cities in China, with cities as the objects of the study. This is in contrast to many epidemiological study designs where information is available at the individual level. The result could offer novel insights into the impact of air pollutants and climate on asthma prevalence.
Material and Methods

Study Design and Criteria.
The data of asthma, air pollutants, and other climatic factors were obtained from published journals or government departments. Asthma definition in this survey was based on the Global Initiative for Asthma, Chinese Guideline of Pediatric Asthma published in 2008 [9] . In the questionnaire, the primary inclusion criterion for asthma patients was a subject with definite wheezing three times and more. Stratified random sampling was to be adopted in this survey, and it was uniformly carried out by the Chinese National Cooperative Group on Children Asthma.
Asthma Data.
Asthma data in this study were collected from the open-access Chinese Journal of Pediatrics [9] . The Chinese National Cooperative Group on Children Asthma organized the third nationwide survey of childhood asthma in urban areas of China, which included 463,982 children and identified 13,992 asthmatic patients aged 0-14 years. The national survey was conducted in 43 cities across the country, and children's demographic characteristics were available. The selected data of asthma prevalence were defined as children who had experienced at least one asthma attack in the last two years (2009-2010), which contained 10,777 asthmatic patients. Data pertaining to the clinical and demographic characteristics of asthmatic patients in the 43 specific cities were not described as they were not made available by the third national survey.
Approval for the use of the data was obtained from the National Cooperative Group on Children Asthma. And informed consent was obtained from the next of kin, caretakers, or guardians on behalf of children. The consent on behalf of the children enrolled was written. The study design was approved by the ethics committee of the National Cooperative Group on Children Asthma. 
Air Pollution
Statistical Methods.
Descriptive statistics were used to summarize the general characteristics of the data included in this study. The Shapiro-Wilk test revealed a normal distribution of tested variables. The mean and standard deviation (SD) of each of the variables were then calculated. Associations were assessed with Pearson correlation coefficient and multiple regression analysis. Prevalence of asthma was the dependent variable, and independent variables were air pollutants (PM10, SO 2 , and NO 2 ) and climatic factors (relative humidity, air temperature, precipitation, and hours of sunshine). Statistical significance was set at < 0.05, and all statistical analyses were performed with SPSS software version 20.0.
Results
Baseline Characteristics of Patients in the Third National
Survey on Childhood Asthma. Table 1 shows the baseline characteristics of the patients from the third nationwide study of childhood asthma in urban areas of China [7] .
The national prevalence of asthma in male and female children was 3.51% and 2.29%, respectively. The prevalence of asthma was significantly higher in preschool children ( = 1,127, 4.15%) than in school-age children ( = 8,429, 2.82%) and infants ( = 4,026, 1.77%). Within the total survey cohort, 12,997 (3.00%) patients of Han descent, 87 (2.73%) patients of Manchu descent, and 157 (2.39%) patients of Hui descent Table 2 is the summary of the prevalence of childhood asthma provided by the third national survey and the annual mean concentrations of air pollutants (PM10, SO 2 , and NO 2 ), together with the annual mean levels of climatic factors (relative humidity, air temperature, precipitation, and hours of sunshine) for each of the 43 cities. There were statistically significant differences in asthma prevalence, air pollutants, and climatic factors between cities ( Tables 4 and 5 . According to Pearson correlation analysis (Table 4) , there were significant associations between asthma prevalence and several factors including SO 2 ( = −0.323, < 0.05), relative humidity ( = −0.351, < 0.05), and hours of sunshine ( = −0.476, < 0.05). As can be seen, these correlations between PM10, NO 2 , air temperature, precipitation, and asthma prevalence were not statistically significant. Therefore, the multiple linear regression analysis with a dependent variable of asthma prevalence and independent variables of SO 2 , relative humidity, and hours of sunshine was used to predict asthma prevalence. The prediction model was statistically significant ( = 5.573, < 0.01) and accounted for approximately 30.3% of the variance of asthma prevalence ( = 0.608, adjusted 2 = 0.370). Multiple regression analysis indicated that, among the predictor variables, SO 2 was found to be the most powerful predictor variable amongst all ( = −19.572, p < 0.05). Furthermore, results had shown that hours of sunshine ( = −0.014, p < 0.05) was a significant component summary predictor variable. However, relative humidity was not significantly predicted to be the outcome measure.
Discussion
The aim of this study was to investigate the potential role of city-average air-pollutant levels and climatic factors in explaining regional differences in asthma prevalence in China. Variables for significant correlation coefficients were also obtained in the multiple regression analysis. They were the mean SO 2 and hours of sunshine. Before the discussion of the findings, it is important to address methodological aspects of this study. This paper does not focus on the individuals themselves but cities, which is in contrast to many epidemiological study designs where information is available at the individual level. In addition, our data was available at annual mean level rather than daily. The size of the study was large, and although large-scale researches were accomplished by ISAAC in reference to asthma for air pollution [5, 11] and climate [5, 12] , their 43 cities in China made for acceptable discrimination.
A growing body of research on time trends is devoted to the relationship between allergic respiratory diseases including asthma and environmental factors, climate conditions and air pollutants, but results on effects of these variables on asthma are still unclear and current knowledge is provided by epidemiological and experimental studies.
The adverse effect of air pollution on respiratory health has been well established in the literature [13, 14] , but our results are not consistent with this evidence. The concentration of pollutants such as PM10 and NO 2 no longer provides a statistical explanation for variations in asthma prevalence across urban units. Interestingly, the relationship between childhood asthma and SO 2 was consistently negative. And surprisingly, these annual mean levels of PM10 (0.091 mg/m 3 ), NO 2 (0.042 mg/m 3 ), and SO 2 (0.042 mg/m 3 ) detected during the sampling period did not conform with the data from World Health Organization Air Quality Guidelines [10] . This result is consistent with previous intercommunity studies [10, [15] [16] [17] [18] , including ones of the ISAAC [5, 15, 16] which did not observe positive associations between ambient air pollutants and asthma prevalence. However, a study of individual level by ISAAC found a positive association between asthma prevalence and proximity to traffic pollution [19] . The disparities between these findings and those of within-community studies of individuals exposed to air pollutants remain to be further explained. This is compatible with the hypothesis that outdoor levels of air pollutants have been associated with asthma incidence but not with asthma prevalence at the population level.
The influence of short-term climate change on asthma exacerbation is well established, but its long-term influence on disease occurrence is little studied.
Regarding the effect of climatic variables, a large number of studies have confirmed that temperature is related to asthma [12, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . However, for our study, there has not been shown any statistically significant association between annual mean temperature and asthma prevalence, which are similar to some established in extraurban studies [12, 22] . Our results are different, because asthma prevalence was the object of study and not asthma incidence or asthma symptoms in the literature [12, 21, 25] , and climatic parameters considered in the literature vary: annual mean minimum or maximum temperature [23] , annual mean or seasonal mean temperature [12, 21, 26, 27] , mean temperature for the coldest or hottest months [22] , daily temperature [1, 17, 24, 25] , and monthly temperature [28] [29] [30] [31] . Thus, a direct comparison of results is not possible.
In the present study, annual mean relative humidity was not related to asthma prevalence. Indeed, relative humidity has been associated with the prevalence of wheezing [26, 29] , symptoms, diagnosis, and incidence of asthma [5, 24, 26-28, 32, 33] . But a few studies failed to show significant associations [12, 30, 31] , most likely due to different parameters. As mentioned above, our data were available on annual mean relative humidity, not including minimum or maximum relative humidity and other parameters. And our results indicate that hours of sunshine is a protective factor with the prevalence of asthma in the cities studied, which is consistent with results reported by recent epidemiological studies [11, [28] [29] [30] 34] . In addition, a recent analysis of ISAAC data supports the argument that there exists a negative relationship between the prevalence of asthma and the mean annual sunny hours at a community level within centers [35] . Indirectly, the results could support the hypothesis of the protective effect of vitamin D in the prevalence of asthma in children [35] .
These few studies analyzing associations of asthma with precipitation [28, 30, 31, 36] showed mixed results. There is no confirmation in the literature that the association between climate and asthma prevalence reflects a causal relationship or that correlations are a result of indirect relationships and linked to other factors like air pollution levels. Little is known about the long-term influence of climate on asthma prevalence, but the findings from our study do not suggest that climate, at least in children, plays a major role.
The reasons for the inconsistencies among our study and previous studies are possibly regional discrepancies such as geographical environment, economic development, and density of the local populations. Additionally, study design, analyzing method, subgroups of children, and different parameters may also contribute to the controversies. Thus, a direct comparison of results is not accurate.
On the other hand, there are still several limitations in this study. First, modeled estimates of air pollutants and climatic factors at city level are imprecise and incomplete in terms of personal exposure to ambient air pollutants. Second, collinearity between variables and the time series impeded the evaluation of particular pollutants or climatic factors that had a direct adverse effect on the prevalence of asthma. Third, other factors such as the indoor environment [37] , economic development [38, 39] , dietary factors [40] , pollen levels [41] , and infections [42] , which were not accounted for in our analysis, could have precipitated the regional differences in asthma prevalence. Fourth, our data were given on annual basis rather than monthly or daily. Under this circumstance, any short-term effect of short duration weather and air pollution changes could be lost, but not of changes for longer duration. Fifth, there might be subjects who were not new onset asthmatic patients. Therefore the two-year data could not precisely reflect the relationship between these factors and asthma prevalence. Finally, the data from the third national survey did not provide the clinical and demographic characteristics of the asthmatic patients in the specific cities and the precise time of asthma prevalence we used for our analyses. The limited access to this information hindered our pace to dig in the relationship between climatic and air quality factors and the clinical presentation of asthma in each city.
Conclusion
To conclude, our study showed associations between longterm exposure to urban air pollution and climate conditions, using Pearson correlation coefficient and multiple regression analysis capturing variations within communities, and asthma. First, the study shows the surprising results for the contribution of pollution factors. In contrast to reports from within-community studies of individuals exposed to traffic pollution, we found no evidence of a positive relation between air pollution and asthma prevalence. Meanwhile, our results suggest that climate may affect the prevalence of asthma, yet climate does not play a major role, at least in terms of children.
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